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[Note: Names, addresses, company names and brand names are translated in the most 
common manner. Japanese language does not have singular or plural words unless 
otherwise specified by a numeral prefix or a general form of plurality suffix.] 



(54) [Name of the Invention] 

Hot-Melt Ink and Ink Jet Recording Device Using the Same 

(57) [Abstract] 

[Goal] 

The goal of the present invention is to suggest an ink used in ink jet recording 
applications which is a solid phase material at room temperature, contains wax and resin 
material that have a melting point in the range of 40 ~ 70oC, melts at a relatively low 
temperatures, and is immediately cured (hardened) through ultraviolet light irradiation. 

[Structure] 

A hot-melt ink is formed as it contains a wax and a resin material that have a melting 
point in the range of 40 ~ 70oC, a prepolymer, a monomer(s), a photo polymerization 
initiation agent, a dye material, and a pigment material. Through the contained wax and 
resin material that have a melting point in the range of 40 ~ 70oC, it is a solid phase 
material at room temperature, and also, if the ultraviolet light curable resin material is 
irradiated with an ultraviolet light from an ultraviolet light irradiating lamp 21, it is 
immediately well fixed on normal paper, and on different types of paper used for printing 
applications. 1 

[Scope of the Claims] 

[Claim 1] 

Hot-melt ink, which is a solid phase or a semi-solid phase material at room (normal) 
temperature, and which consists of a wax material and a resin material that have a 
melting point in the range of 40 ~ 70oC, and an ultraviolet light curable resin material. 

[Claim 2] 

Inkjet recording device equipped with an ultraviolet light irradiation device in order to 
cure the hot-melt ink reported according to the above Claim paragraph 1. 
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[Detailed Explanation of the Invention] 

[0001] 

[Technical Field] 



The present invention is an invention about a hot-melt ink used in ink jet recording 
devices and it is an invention about the ink jet recording device using the same. And 
especially, m more details, it is about a hot-melt ink, which under the state at 
temperatures higher than room temperature is thermally melted and can perform the 
recording, and about an ink jet recording device using the same 



[0002] 
[Prior Art] 



In the past as ink jet recording methods, for example, the so-called electric field control 
method where the electrostatic attraction force is used and the ink is discharged; the so- 
called drop-on-demand (pressure pulse) method, where the vibration pressure of a piezo 
element is used and the ink is discharged; the so-called thermal ink jet method where 
through h lg h heat air bubbles are formed and grown and the generated by that pressure is 
used and the ink is discharged, etc., different types of methods have been suggested, and 
these allowed to achieve extremely high precision fine detail images. 

[0003] 

In these ink jet recording methods, the aqueous inks, which use water as their main 
so vent medium, and the oil type inks, which use organic solvent medium as their main 
solvent medium, have been usually used. The printed image in the case when aqueous ink 
is used has poor water resistant properties and relative to that, it has been possible to 
suggest the oil type inks, where the printed image has excellent water resistant properties. 

[0004] 

However, these aqueous and oil type inks are liquids at normal temperature and because 
of that they have the drawbacks that when printed on a recording paper it is easy for 
bleeding to be generated and also, sufficient printing concentration is not obtained and 
then, because they are liquid materials, it is easy for the generation of separated materials 
tram the ink and that becomes a reason for the significant decrease of the reliability of the 
inkjet recording methods. 

[0005] 

With the goal to improve upon the above described drawbacks of the solution type inks 
according to the previous technology, the oil type inks used in the so-called hot-melt type 
ink jet recording, which utilize ink that is a solid phase material at room temperature 
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have been suggested. In more details, according to the detailed description reported in the 
United States Patent Number 3653932, an ink containing cebacic acid dialkyl ester is 
suggested, according to the detailed description reported in the United States Patent 
Number 4390369 and the Japanese Patent Application Laid Open Number Showa 58- 
108271, an ink containing natural wax has been suggested, in the detailed description 
reported in the Japanese Patent Application Laid Open Number Showa 59-22973, an ink 
containing stearic acid has been suggested, in the detailed description reported in 'the 
Japanese Patent Application Laid Open Number Showa 61-83268, an ink containing an 
acid or an alcohol where the number of the carbon atoms is in the range of 20 ~ 24,a nd 
then, an ink containing that and a ketone with a relatively high melting point, have been 
suggested, according to the detailed description reported in Japanese Patent Application 
Laid Open Number Showa 62-48774, an ink containing a high hydroxyl radical value 
thermosetting resin, a solid phase organic solvent medium with a melting point higher 
than 150oC, and a small amount of dye material, has been suggested, according to the 
detailed description reported in Japanese Patent Application Laid Open Number Showa 
62-1 12627, an ink consisting of a coloring material, and a first solvent medium, which is 
a solid phase material at room temperature, and is liquefied when heated at a temperature 
higher than room temperature, and a second solvent medium, which is a liquid at the 
room temperature where the above first solvent medium is melted and which also has 
high volatility properties, has been suggested, according to the detailed description 
reported in Japanese Patent Application Laid Open Number Showa 62-295973, an ink 
containing polar radical containing synthetic wax and a dye material that is soluble in the 
above wax, has been suggested, etc. However, in the case of these oil type inks used in 
hot-melt type ink jet recording, the melting point is high and time is necessary for the 
melting of the ink, and that has a detrimental effect on the printer startup performance 
(capability). According to the detailed description reported in Japanese Patent 
Application Laid Open Number Showa 56-93776 an ultraviolet light curable resin type 
ink composition material with good bonding properties relative to metal surfaces, has 
been suggested, and according to the detailed description reported in Japanese Patent 
Application Laid Open Number Showa 57-123272 a printing ink composition material 
with excellent ultraviolet light high speed curing properties, emulsification properties, 
easy washing properties, blanket swelling properties etc., have been suggested. The inks 
from this group were liquid materials at room temperature. 

[0006] 

Then, according to the detailed description reported in Japanese Patent Application Laid 
Open Number Hei-Sei 3-269069, a hot-melt type recording material that undergoes phase 
change has been suggested where a metal soap compound has been used as the main 
component and at a temperature of 45oC a liquid state is obtained, and at a room 
temperature it is in a solid phase state. 

[0007] 
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[Problems Solved by the Present Invention] 

However, in the case of the above described oil type inks used in hot-melt type ink jet 
recording applications, the melting point is high and time is required for the ink to be 
melted and this has a detrimental effect on the startup performance of the printer. 

[0008] 



Also, in the case of the ink according to the detailed description reported in Japanese 
Patent Application Laid Open Number Hei-Sei 3-269069, time is required for the curing 
of the ink after the fixing. 5 

[0009] 

The present invention has as a goal to solve the above described problems and it has as a 
goal to suggest a hot-melt ink whereby it is possible to shorten the time for the printer 
startup, and also, it is an ink that cures quickly after the fixing, and another goal of the 
present invention is to suggest an ink jet recording device using such ink. 

[0010] 

[Measures in Order to Solve the Problem] 

In order to achieve this goal, the hot-melt ink according to the present invention contains 
a wax and a resin material that have a melting point in the range of 40 ~ 70oC, and an 
ultraviolet light curable resin. Also, the ink jet recording device according to the present 
invention contains an ultraviolet light irradiation device in order to cure the above 
described hot-melt type ink. 

[0011] 
[Effect] 

The hot-melt ink according to the present invention that has the above described structure 
is a material that melts at a temperature in the range of 40 ~ 70oC, and it is cured by 
ultraviolet light after it has been adhered onto plain paper or printing paper, and it 
becomes well fixed onto the used paper material. Also, in the case of the ink jet recording 
application paper, through the ultraviolet light irradiation device, the ink that has been 
adhered onto the surface of the different types of printing paper, is quickly cured and 
fixed. 

[0012] 
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[Practical Examples] 

The hot-melt ink that represents the practical embodiment of the present invention is 
formed by using the following components: 70 ~ 90 weight of wax and resin material that 
have a melting point in the range of 40 ~ 70oC, 10-30 weight % of prepolymer, 
monomer material, 0.1-3 weight % of photo polymerization initiation agent, and 1-5 
weight % of dye material, pigment material. 

[0013] 

As examples of the, used according to the present invention, wax and resin materials with 
a melting point in the range of 40 - 70oC, it is possible to list the following materials: 
paraffin wax, polyvinyl ether, stearyl alcohol, sorbitane monostearate, polyethylene 
oxide, Kandera wax, tree wax, beeswax, lanolin, whale wax, paraffin wax derivatives, 
microcrystalline wax derivative, ceresin, stearic acid, palmitic acid, myristic acid, lauric 
acid, a-olefin maleic acid anhydride copolymer wax, palm oil and palm kernel oil, 
grommet oil, cod liver oil, cottonseed oil, olive oil, peanut oil, soybean oil, linseed oil, 
etc. In more details, regarding the paraffin wax, it is possible to list the manufactured by 
Nippon Pure Wax Company Ltd., paraffin wax, product reference number 115 (melting 
point 44oC), regarding the polyvinyl ether, it is possible to use the manufactured by 
Hoechst Company Hoechst wax v (melting point 48.8oC), regarding the stearyl alcohol, 
it is possible to use the manufactured by Kao Company Kalcol 80 (melting point 58.9oCj, 
regarding the sorbitane monostearate, it is possible to use the manufactured by Kao 
Company Reodol SPS10 (melting point 52.3oC), regarding the polyethylene oxide, it is 
possible to use the manufactured by Nippon Oil Company PO wax (melting point * . 
68.O0C), etc. Also, the above-described organic materials can be used individually and 
that is a good option and it is also a good option if two or more types are mixed and used. 

[0014] 

As the prepolymer material, any of the following can be used and there are no particular 
limitations: polyester acrylate, polyurethane acrylate, epoxy acrylate, polyether acrylate, 
oligoacrylate, alkyd acrylate, polyol acrylate, etc., prepolymer materials. 

[0015] 

As the monomer materials, any of the following can be used and there are no particular 
limitations: diethylene glycol diacrylate, neopentyl glycol diacrylate, 1,6- hexane diol 
diacrylate, hydroxy piperin acid ester neopentyl glycol diacrylate, trimethylol propane 
triacrylate, etc., monomer materials. Also, the above-described monomer materials can be 
used individually and that is a good option and it is also a good option if two or more 
types are mixed and used. 

[0016] 
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As the photo polymerization initiation agent any of the following can be used and there 
are no particular limitations: isobutyl benzoin ether, isopropyl benzoin ether, benzoin 
ethyl ether, benzoin methyl ether, 1 -phenyl -1,2- propadion - 2 - oxime, 2, 2 - 
dimethoxy - 2 - phenyl aceto phenone, benzyl, hydroxy cyclo hexyl phenyl ketone, 
diethoxy aceto phenone, 2-hydroxy - 2 - methyl - 1- phenyl propane - 1 on, 
benzophenone, chloro thioxantane, 2-chloro thioxantane, isopropyl thioxantane, 2-methyl 
thioxantane, chlorine substituted benzophenone , halogen substituted alkyl - acryl ketone, 
etc., photo polymerization initiation agents. 

[0017] 

As the dye materials and the pigment materials, it is possible to use the materials that are 
generally used in the printing industry. 

[0018] 

In more details, for example, it is possible to use any of the following below dye 
materials and pigment materials that are well-known according to the previous 
technology: carbon black, iron oxide powder material, nigrosine dye, lamp black, Sudan 
black SM, alkali blue, fast yellow G, benzene - yellow, pigment - yellow, India fast 
orange, irgasine red, paranitro aniline red, toluydine - red, carmine, FB, Permanent 
Bordeaux FRR, pigment - orange R, lithol red 20, lake red C, Rhodamine B lake, methyl 
- violet B lake, phthalocyanine blue, pigment blue, brilliant green B, phthalocyanine 
green, oil yellow GG, Zapon fast yellow CGG, Kayaset Y963, Kayaset YG, Sumiplast - 
yellow GG, Zapon fast orange RR, oleyl scarlet, Sumiplast orange G, Orasol - brown B, 
Zapon fast scarlet CG, Aizen Spilon - red BEH, oil pink OP, Victoria blue F4R, Fatgen 
blue 5007, Sudan blue. Oil Peacock blue, etc. Also, the above described dye materials 
and pigment materials can be used individually and that is a good option and it is also a 
good option if two or more types are mixed and used, and it is desirable that they are 
contained in an amount in the range of 1 - 5 weight % in the above ink material. 

[0019] 

Practical Examples 
Ink Formulation 

Paraffin wax 

Manufactured by Nippon Pure Wax (Seiro) Company 80 weight % 

Polyester acrylate 1 8 weight % 

Isobutyl benzoin ether 1 weight % 

Carbon black (manufactured by Mitsubishi Kasei Company) 1 weight % 

The above described ink formulation showed a melting point of 49oC. Then, it also 
shows good fixing properties relative to recording paper. 
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[0020] 



As the manufacturing method for the preparation of the ink according to the present 
practical implementation example, it is a good option if the method is used where the 
above described wax and resin materials are heated and melted at a temperature in the 
range of 40 ~ 250oC, and preferably, in the range of 50 ~ 150oC, and a prepolymer, and a 
monomer, a photo polymerization initiation agent, and the above described dye material 
and pigment materials, or a mixture of them, are appropriately mixed, and the material is 
produced. Then, depending on the requirements, it is a good option if a solvent agent that 
softens these or a dispersing agent, etc., are appropriately mixed, and preferably, these 
compounding ratios are appropriately adjusted, and the viscosity at room temperature and 
the melt viscosity can be adjusted. Then, it is also a good option if at the time of the ink 
adjustment it is mixed and kneaded using a roll mill, a sand grinder, a ball mill, an attritor 
etc., dispersing equipment, and the by that there is an even further improvement in the 
wax compatibility and dispersing properties. 

[0021] 

Here below one practical implementation example of the hot-melt ink and ink jet 
recording device according to the present invention will be explained in details as 
illustrated by the figures presented. 

[0022] 

Figure I is a three-dimensional figure of an ink jet recording device showing one 
practical example of the present invention. In the same figure the recording paper is 
wound onto the platen 16 and it is pushed by the rollers 12 and 14. The structure is 
formed as on the carriage 24, which is guided along the guiding axis 20, 22, and which 
can move in a direction parallel to the platen axis, the ink jet head 26 is placed. The ink 
jet head 26 contains multiple nozzles that can discharge individual ink droplets, and it 
scans in the direction that is shown by the arrow 28 and that is parallel to the platen axis, 
and together with this operation, through the above described nozzles ink droplets are 
selectively discharged and an ink image is formed on the surface of the recording paper 
10. Regarding the recording paper 10, through the rotation of the platen 16 and the 
transport rollers 12 and 14, it is transported in the copy scanning direction, which is 
shown by the arrow 1 8 and which is orthogonal (forms a right angle with) to the scanning 
direction, and the printed characters are formed on the above recording paper. The 
ultraviolet light irradiation lamp 2 1 is placed downstream in the copy scanning direction 
and the ink that is on the transported recording paper is irradiated by ultraviolet light. 

[0023] 

In Figure 2 a cross sectional view of the above head is shown. On the frame 36 made 
from aluminum, there is the vibrating element 30 that has a unimorph type structure 
formed from a piezoelectric material and a thin metal layer. Then, the nozzle formed 
member, which consists of 100 micron thick nickel plate, is layer laminated and fixed so 



that on both their sides the spacers 32 which are formed from the same nickel plate, are 
inserted. The nozzle formed member 34 contains numerous nozzles 38 with 50 micron 
diameter small openings. On the bottom surface of the frame the heater 40, which is used 
for heating, is provided. The ink is a material that, as described here above, contains wax 
as its main component, and it is a material in which dye material or pigment material 
have been melted. The above described ink 42 that is inside the head is heated by using 
the heater 40 so that it is maintained at a temperature that is in the range of 40 ~ 70oC 
where it has an appropriate viscosity according to the Practical Example 1 . Feed back is 
provided to the heater by a temperature sensor (not shown in the figure) and the ink can 
be maintained at a constant temperature. 

[0024] 

After that the action will be explained. The ink is supplied to the head in a solid phase 
state. Through the ink heater 40 it is heated at a predetermined temperature at or above its 
melting point temperature and it is liquefied, and through the capillary forces it is 
supplied to the region close to the vibrating element 30, and its continuous supply to the 
space between the vibrating element 30, which according to the Practical Implementation 
Example is maintained to a small dimension of 20 microns, and the nozzle formed 
• member, is sustained. At the time of the discharge an electrical voltage is applied onto the 
predetermined vibrating element amongst the above described numerous vibrating 
elements 30 and a warp is generated in the unimorph vibrating element. For a 2 mm long 
cantilevered vibrating element the position of the front end changes by 15 microns when 
150 V electrical voltage is applied. After that, if this electrical voltage is removed, by 
that, through the elastic recovery force, the vibrating element changes its position towards 
the nozzle formed member, the pressure is generated on the liquid state ink 42, which is 
present in the space between the front edge freely moving part of the vibrating element ■ 
30 and the nozzle formed member 34, and by that pressure ink is discharged from the 
nozzles 38. 

[0025] 

Regarding the discharged ink droplet, as it is shown in Figure 3, it is adhered onto the 
surface of the recording paper 10 in a state where it rises almost in a semi-spherical 
shape, and after that as it is subjected to the ultraviolet light irradiation from the 
ultraviolet light irradiation lamp 21 that is provided on the ink jet recording device, it is 
quickly cured and fixed. At this time, for the part that is in contact with the recording 
paper 10, one part of the ink penetrates inside the recording paper 10, however, the shape 
of the recorded dots 46 remains almost semi-spherical. 

[0026] 

Moreover, in the case according to the above described practical implementation 
example, the discharged ink droplet is cured and fixed through ultraviolet light 
irradiation, however, it is also a good option if it is cured by using natural ultraviolet 
light. 
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[0027] 



[Results From the Invention] 

As it has been described here above, in the case of the ink material according to the 
present invention, it is a material where it is possible to easily form a vivid image on 
plain paper or on different types of recording paper materials, and not only that but also, 
it is a material that can be instantly cured after the recording by irradiation with an 
ultraviolet light from an ultraviolet light irradiation device if that is installed inside the 
ink jet recording device. 



[Brief Explanation of the Figures] 

[Figure 1] 

Figure 1 represents a three-dimensional view diagram of ink jet recording device 
equipped with the ink jet head showing one practical implementation example of the 
present invention. 

[Figure 2] 

Figure 2 represents a cross sectional view of this ink jet head. 
[Figure 3] 

Figure 3 represents the state of the recording dots from the hot-melt ink according to the 
present invention on the surface of the recording paper. 



[Explanation of the Symbols] 

10. recording paper 

26 ink jet head 

42 ink 

46 recording head 



Patent Assignee: Brother Industries Co. Ltd. 

Translated by Albena Blagev ((651) 735-1461 (h), (651) 704-7946 (w)) 
10/15/03 
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7i=*-l, 2-^D^>-2-**->A. 2, 
2—7* h+->-2-7xX;P7-feh7xy>, ^>-7 

*->7-fc h7xy >. 2 - 1 Fa**- 2 1 
• 7irj^D^>- 1 ^>i/7i; x iru 
DfW>f>>, 2-7aa?;**U->F>, -fv7 
ni;^m>h>, 2 .-^ h >, * 
*ia^> > /7n;>. /NDy>gft7;v4;w-7U 
;wf>. ^©jts^iBs&jwrovirn^s^ciBrrs 

[0 0 17] ibTtt. aMOttflMHTC 

[0 0 1 8] AttMtctt. WL«;*>-#>77«/*. K 

SM, 7JI/* >J 7>-% 7 7^-7, Kin-G, ^>-7 
>.-fxn-, fc!y*>F --fxo-, -f >F7r-X 

v-*vyy* -f^3?>- i<y>. ^5xho7xu 

^•VyKhM^-VyH. A-S>FB, 

V-;H^yH2 0. U-^VyFC, n-^5>FB, 
n -^5 > B 1^-+, M tl/yhB V-*, 

7^n->7^>7^-> \LV*yV7)V*-. 70 
K-^'J-^B. 7^Dv-7X>^U-X WMI 
D-GG, 1f*>- 77-Xh'fxn-CGGv 
VhY9 6 3. *-t-fe-yhYG, h • -fXD 

-GG. if3j?>7r-Xh^W>-7RR» ^U^)l".7, 
iJ-Uyb, X579Xh^W>-7G, *<7*/-)V'-7 
77>B, 1f^>7T-XhX7J-Uy FCG, 7-fi? 
>Xlfn> • Pi; HBEH, t-fMf^OP, h 
'J77';U-F4R, 7r-Xhy>7JU-5 0 0 7, X 

[0 0 19] 



8osa% 
i 8tta% 
i aa% 
1 ss% 

iE©i5^7-y^xa^SJJis, 40~2 5 0t;, 
K«50~i50 , ces©fia-ein^»L'^ 7V# 
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(4) 

5 

tt&©B*Jfc**ttiaLT, ^fiJcfe^^lfiS^Si 

ttasias-rsiiK -tLT-o^siB-©®. n-jp 

*©»»«*BV>TB»U -kl2«7y:? *£©«&«•?> 
[0 0 2 1] «T. *5lM«©B*Btt^>£i3J:t*<f 

[0022] ®i te*m<D-mmm&7!i-r'f >*$>x 

y ME®gfi©i&310'?i&S. ^HCfeViTiESffil 0 
tt, ' 7?5*>1 6KSeB3tt. SOD-5-12,1 
4lC<kr>Tf¥EESn*. H«2 0. 2 2(C*rt* 

5. -f >PVx.v h^y H2 6tt, ifcilcf >*B*fl: 

2 8 fcSf^rlSlfcjfcSEatt. *©»f*tefcfcfcoT±B # 
/X**6WlWK'f>jrj|SttaiU BB4K10±C 

>*«S*JfM-*. GBKl 0tt^7f>16. 210 
n-7-12, 14©|BBEfcJ:D}telE&|ilitl(BW** 

o^jWft>n*. gumma? >•? 2 umnt&jfo 
rmzmmzti. wt&2nzm®mm±<D4 >*i=b* 
B*BM-rs. 

[0 0 2 3] H2U>?i?ii» F©HffB£jR 

fcJPS 1 0 0 Mm©=yfr/|^Sfc*yX;WM&B» 

3 4'#W#©rofcBU<=y-WP«a>&fc£;^-U-- 
3 2Sr^-LT«(gSnH^$n-5. JaanHFtt/Xi 

J X)Vl&fimt 3 4 ttBg 50ii m©«/hB □ 

OjWRtf&tt*. -Y>^4 2tti9^©i5fc 

TttB«&tt**OT*B*4 0~7 0t:fc»3fcafc 40 
fc-*-4 0l:Aot«lt5. t-^-4 0liffla-fe 

[0 0 2 4] *{Cl(|^lCOViTSiWr5. -f >?«Bfc 



*?H!¥6-2 0 02 0 4 

6 

ttBT'Vy FK^SttS. -f >^*tt-^-4 0tC<fc 

omm\z%m i gij\z&?T:msti, *nmm-v\i2 o 
/imo^/h^si^fcnfcfiii^ 3 o tj-xmmm 
z 4c>Mmzmxv£c\z&ft$tiz. ttHiw*±sa© 

BftOBBT 3 0 ©3 Ba©Btt?©EEB#lCBJE 

% tmm?*mmt)ti.wth\zz: o y X)vm^m\z^ 
mm 3 4 ©rafc*ttT**fctt*©-r 4 2 k»£ 

[0 0 2 5] ttttlSnft-f >^jgrtt03JC^f «fc5JClB 
@JK 1 0 JifcKBWRfcB 0 ±*to fettBTMSU 
•*•©&-< >*>>xy FBfi^Bfc»tfSnfc»*«Blf 
yy?2 l©«^«t4KiRT5JlilCJ:t))i^Ca 
<L £gf HWISlBBiffil 0 fcJfrr-5ffi#Ttt, -f 
>^©-«*t|B»i!Rl 0rtCSa-T5*n BBKy M 

[0 0 2 6] ft*. ±a>&HJfi«!|»r*HTtt«^«SW 

A*. B«#©&^£!KiRUTSfcS-B:T'b«fcV>. . 
[0 0 2 7] 

y FEft8Sft©»*»Bj*8fi£ffi*ftfi«n«SB 

[Biaf©iffl*!iKia] 

[01] *56^5CJ:S-||J6^&^-r-f>^>?xy 
5. 

[02] ««K>jr^xy F^y FroBWBTC**. 
[03] *BBtJ:«B«Btt-f >^©BBlK±©83B 
Fy hJBffi£^-r0T?i&5. 

10 IBSJffi 

2 6 OjyxyhAyH 

4 2 -f>? 

4 6 EBFyF 



